The solid liquid interfacial energy plays important role in the liquid solid transformation, thus it is very important to have quantitative values of the interfacial energy as this will help gain more knowledge into the structural nature of the interface. It will assist in gaining fundamental knowledge into the physics of interfaces and also in improving the technology in the crystal growth and foundry. Gündüz designed a radial heat flow apparatus in applied temperature gradient to produce grain boundary groove profile in 1984 [2] . Based on the design by Gündüz, a novel radial heat flow apparatus is designed. To obtain the solid liquid interfacial energy, Gibbs Thomson coefficient value is required. To obtain accurate values of Gibbs Thomson coefficient, the interface groove profile, temperature gradient in solid and thermal conductivity values for the solid and liquid must be known.
Introduction
The solid liquid interfacial energy is the reversible work, at constant temperature, chemical potential and volume, required in extending or forming a unit area of interface between solid and liquid [1] . The solid liquid interfacial energy plays an important role in all processes that involves nucleation and growth of solids from its liquid state. One of the roles of interfacial energy includes dictating the temperatures at which solids nucleate from its liquids. If the growth of the solid occurs at steps in the interface, then the interfacial energy affects the transformation rate.
Solid liquid interfacial energy also plays important role in determining the growth morphology which may lead to solidification occurring in the preferred crystallographic directions. The solid liquid interfacial energy is also important in the phenomena such as coarsening of dendrites, sintering, wetting and phase transformation. [ 
Theory
During measurement, liquid is held at a temperature T I , below melting temperature T m . The liquid is then undercooled by ΔT= T m -T I . This value of T I depends on the composition of the liquid, the energy barrier for atoms going from liquid to solid and the interface curvature. The undercooling is ΔT= ΔT d +ΔT k +ΔT r but at equilibrium, the diffusion and kinetic undercooling becomes zero as there are no transfer of atoms and the composition gradient at the interface is zero. Thus ΔT r = ΔT. When the solid liquid interfacial energy is isotropic, this means when it is not a function of crystallographic arrangements,
For planar solid liquid interface intersecting planar grain boundary, the Gibbs Thomson coefficient is given in the form of curvature undercooling and the radius of the curvature, 
When the thermal conductivities of the solid and liquid are not equal, the left hand side of the equation can be calculated by integrating numerically calculated ΔT r values [2] .
And the right hand side becomes,
And thus the equation to solve becomes,
The thermodynamic definition of Gibbs Thomson coefficient can be used to obtain the solid liquid interfacial energy which is given as, (7) 
Design of the novel radial heat apparatus
Due to the importance of the liquid to solid transformation process, there have been many efforts and methods in trying to measure the solid liquid interfacial energy. A paper by Jones [3] , have listed the techniques that were used in the early years of the research towards measuring the solid liquid interfacial energy. However, from the researches that were carried out over the last decade, it can be seen that the most common experimental method that were used to obtain the interfacial energy is the grain boundary groove profile method. And by direct application of the Gibbs Thomson equation, the value of interfacial energy can be obtained.
This method is convenient as it can be used to determine the interfacial energy for both pure and multi component systems as well as for transparent and opaque materials.
By reviewing the papers that were published over the last decade into grain boundary groove profile method, there are three main apparatus that has been used in obtaining the groove profile, which are Bridgman type apparatus [7] [8] [9] [10] , horizontal temperature gradient apparatus [5, 6] and radial heat flow apparatus [2] . For the novel apparatus, the design was based on the radial heat flow apparatus as it was the set up mainly used when applying grain boundary groove profile method. The radial heat flow apparatus provides higher temperature application and also provides radially symmetric crucible which is important in maintaining the temperature gradient and also enables the measurement of thermal conductivity of solid.
Set up
The crucible consists of three parts which are the main body of the crucible and the top and bottom lids. The crucible body was machined from machinable alumina with inner diameter of 35mm, outer diameter of 45mm and height 100mm. The two lids were machined also from machinable alumina, to fit tightly onto both ends of the crucible body. The bottom crucible lid has holes drilled to fix alumina tubes for both the heating element and the thermocouples. The heating element was made of Kanthal A1 of diameter 1.2mm and was wound into a coil of 140mm to cover the entire length of the crucible including the lids. This was inserted into the center alumina tube. The three measurement thermocouples were inserted in through the alumina tubes placed in the bottom crucible lid, with one that is vertically moveable, and the other two placed at different distance from the center tube. The vertically moveable thermocouple was inserted to the whole length of the crucible, and the other measurement thermocouple and the control thermocouple was inserted to the half the length of the crucible. The schematic of the bottom crucible lid can be seen as in fig.3 . To provide the temperature gradient, the alumina crucible is placed inside a water cooling jacket with a central bore, made of stainless steel. This provides the temperature gradient horizontally. To prevent the temperature gradient from occurring vertically, two heaters are placed to fit onto either side of the crucible. Top and bottom heaters are made of machinable alumina and each holds a coil of Kanthal A1. The heaters are designed to fit onto the crucible lids. The furnace chamber is made of aluminum with two lids. The bottom lid has inlet for water jacket and holes for current leads and thermocouples. The top lid has holes for outlet of water jacket and holes for current lead and argon inlet and outlet. All the fitting and holes are sealed with O ring and rubber bungs. The chamber is filled with Argon. The schematic of the experimental set up is shown in fig. 5 . The control and the recording will be done by LabView software. 
Thermal conductivity of solid
To be able to calculate Gibbs Thomson coefficient, the thermal conductivity ratio is required and the radial heat flow apparatus is an ideal set up to measure the thermal conductivity of the solid phase. The sample in the cylindrical crucible is placed in the radial heat flow furnace in a stable temperature gradient. The sample is held at a stable temperature gradient for a period to reach steady state condition. The temperature gradient in the cylindrical sample at the steady state condition can be represented by Fourier's Law (8) The Fourier's Law equation above where Q is the total input power, l is the heating element length, r is the distance of the solid liquid interface to the center of the sample and K S is the thermal conductivity of the solid phase. This equation (8) can be integrated to give (9) Here,
Where a 0 is an experimental constant, r 1 and r 2 are distances from the central axis of the sample and T 1 and T 2 are the temperatures at r 1 and r 2. To calculate the thermal conductivity of solid phase, the cylindrical sample was placed inside the radial heat flow apparatus. It was necessary to achieve a large temperature gradient in order to obtain a reliable thermal conductivity measurement. The sample was positioned so that it was placed inside a water cooling jacket, which was held at 293K using refrigerating circulation bath. The temperature gradient was achieved by heating the sample from the center using Kanthal A1 heating element wire. The sample was heated up in steps of 50K up to 10K below the melting point of the sample and was held at each set temperature for more than 2 hours to achieve steady state.
The control and measurements were carried out using LabView software and the measurements were saved. Once the measurement procedure was completed, the sample was removed and cut transversely to observe the values for r 1 and r 2. The thermal conductivity value of the solid phase of aluminum alloy A201 was obtained by the method described above and it was compared with the values from a literature by Overfelt [11] , and it is shown in figure 7 . The results show that the radial heat flow furnace set up is reliable and can be further improved to be used in future experiments. 
Conclusion and future works
The solid liquid interfacial energy is an important physical parameter in research into solidification and material processing where solid and liquid coexist such as casting and crystal growth. It also is useful thermo physical parameter for researchers who compare experimental solidification morphology to the results that are obtained from theoretical models. Thus it is very important to obtain the interfacial energy value.
It was found that to experimentally measure the solid liquid interfacial energy, the direct application of Gibbs Thomson equation to the grain boundary groove profile was the most powerful method present.
In order to obtain grain boundary groove shape to apply Gibbs Thomson equation, a novel radial heat flow apparatus was designed. This apparatus provides stable temperature gradient and stable temperature control to obtain the equilibrated solid liquid interface with a grain boundary.
The future plans include carrying out an experiment on aluminum alloys such as A201 and LM5. 
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